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Objective: To determine the association between vesicourethral anastomosis level (VUAL) and the con-
dition of the bladder neck with early recovery of urinary continence on cystography after radical
prostatectomy.
Materials and methods: This was a retrospective analysis of 116 patients who underwent radical pros-
tatectomy at our hospital from 2008 to 2013. On cystography, the VUAL in the pelvic cavity was deﬁned
according to the upper margin of the pubic symphysis; above the upper margin was considered a higher
VUAL and below it was considered a lower VUAL. The condition of the bladder neck was determined by
whether or not there was contrast ﬂow into the proximal urethra. Early recovery of urinary continence
was deﬁned as not requiring pads within 3 months. We determined the predictive factors for the early
recovery of continence.
Results: Among all patients, 68.1% achieved an early recovery of urinary continence. The patients with a
higher VUAL were younger and had a shorter time to continence than those with a lower VUAL. The early
recovery rates were 88.9% and 58.8% with a higher and lower VUAL, respectively (p < 0.001). The patients
with a closed bladder neck also had better results of early continence than those with an open bladder
neck (82.9% vs. 45.7%, respectively). VUAL level and bladder neck condition were independent predictors
of an early recovery of urinary continence [odds ratio 5.821 (95% conﬁdence interval: 1.632e20.75)
higher vs. lower VUAL, p ¼ 0.007; and odds ratio 5.828 (95% conﬁdence interval: 2.259e15.036) closed
vs. open bladder neck, p < 0.0001] after adjusting for age, risk of recurrence, operative method, prostate
volume, and nerve sparing procedure.
Conclusion: Postoperative cystography can provide information on VUAL and bladder neck condition
which can predict recovery of urinary continence after radical prostatectomy. A higher VUAL and bladder
neck closure were associated with a higher rate of early recovery of urinary continence.
Copyright © 2015, Taiwan Urological Association. Published by Elsevier Taiwan LLC. All rights reserved.1. Introduction
The incidence of prostate cancer is increasing worldwide, and
radical prostatectomy (RP) is the gold standard treatment to control
clinically localized prostate cancer. RP is performed with transec-
tion from the urethra at the apex to the base of the prostate and
bilateral seminal vesicles, followed by reconstruction of the ure-
throvesical anastomosis. It is usually necessary to insert an, China Medical University
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tp://dx.doi.org/10.1016/j.urolindwelling catheter during surgery to drain urine until the ure-
throvesical anastomosis has healed. However, patients may suffer
from urinary incontinence after RP, which is a major concern for
both physicians and patients.
The percentage of patients with urinary incontinence after RP
has been reported to range from 6% to 20%,1,2 with urinary conti-
nence recovering with time after RP. The urinary recovery rate has
been reported to be 95.2% within 12 months; however, the early
recovery of continence, which is a greater concern for patients and
physicians is only ~70%.3
Post RP incontinence may be related to age, intraoperative
procedures, physical activity, patient factors such as body weight
and larger prostate size, and comorbidities such as diabetes mel-
litus. Several studies have reported that urethra length or bladderan LLC. All rights reserved.
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longer remnant urethra and less bladder neck damage during
prostate-based dissection may lead to a better chance of early
urinary continence.
To assess the integrity of the vesico-urethral anastomosis,
retrograde cystography is traditionally performed between 1 week
and 2 weeks after RP and before removal of the catheter. The
presence of a urinary leak in cystography may delay the time to
continence, but has no adverse effect on long-term urinary control.
A higher vesicourethral anastomosis level (VUAL) in post-
operative cystography has been reported to be associated with a
higher rate of early recovery of urinary continence.6
We considered that contrast ﬂow into the proximal urethra
during cystography may reﬂect the severity of bladder neck dam-
age. The aim of this study was to examine the greater value of
postoperative cystography in predicting the early recovery of uri-
nary incontinence.
2. Material and methods
Between January 2008 and January 2013, 211 consecutive pa-
tients received RP for clinically localized prostate cancer. All of the
patients had at least 1 year of follow-up and were enrolled in this
study after the study protocol had been approved by the Institu-
tional Review Board of China Medical University Hospital. Ninety-
ﬁve patients were excluded because of the following reasons: (1)
pelvic irradiation before achieving urinary continence (13Figure 1. (A) Higher vesicourethral anastomosis level (VUAL); (B) lower VUAL. The VUAL w
neck; and (D) open bladder neck. The bladder neck condition was interpreted by whether
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tients); and (3) those in whom cystography was not performed (62
patients). The remaining 116 patients were evaluated.
All clinical data with regards to demographic characteristics,
pathological outcomes, follow-up prostate speciﬁc antigen level,
continence status, and time to urinary continence were retro-
spectively collected from the computerized database at our insti-
tution. Continence status was assessed using patient-reported pad
usage over 24 hours at 1-, 3-, 6-, 9-, and 12-month intervals after RP.
Continence was deﬁned as not requiring pads or the use of an oc-
casional safety pad. The early recovery of urinary continence was
deﬁned as recovery of continence 3 months postoperatively.
We routinely performed cystography 7 days after the operation.
The Foley catheter size routinely used during RP in our hospital
was 20 Fr. The plain ﬁlmwas obtained in the supine positionwith a
ﬂuoroscopic system (UROSKOP Access, Siemens Healthcare,
Erlangen, Germany) after advancement of the urethral catheter
1e2 cm into the bladder. The bladder was then ﬁlled with
100e150 mL of mixture solution [100 mL of saline solution and
100mL of iodinated contrast media Ultravist (iopromide) injection,
370 mg/mL, Bayer, Germany] through the urethral catheter under
gravity. Images were obtained in anteroposterior and bilateral 30
oblique projections.
We evaluated the cystography imaging for contrast leakage,
VUAL in the pelvic cavity, and condition of the bladder neck
(Figures 1 AeD) by two physicians (P.-J.H. and G.-H.C.). With
regards to the VUAL, a higher or lower level was deﬁned as beingas deﬁned according to the upper margin of the pubic symphysis; (C) closed bladder
or not there was contrast ﬂow into the proximal urethra.
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(PS). We deﬁned an open bladder neck as contrast ﬂow into the
proximal urethra, and a closed bladder neck as no contrast ﬂow into
the proximal urethra. Contrast leakage from the anastomosis site
was graded according to Patil's classiﬁcation.7
A Student t test or one-way analysis of variance was used to
conﬁrm differences between the groups. Kappa coefﬁcients were
used to analyze the reliability of the interpretation of the ﬁndings.
The time to recovery of urinary continence among the groups was
compared using the log-rank test. Multivariate logistic regression
analysis was used to determine the predictive factors for the early
recovery of urinary continence. KaplaneMeier analysis was used to
describe cumulative rates of urinary continence. SPSS software
version 17.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses,
and two-tailed p < 0.05 was considered to be signiﬁcant.3. Results
The mean follow-up duration was 38.9 months (range, 13e66
months).When the patients were stratiﬁed by VUAL, the patients in
the higher VUAL group were signiﬁcantly younger than those in the
lower VUAL group (64.9 ± 6.4 years vs. 67.5 ± 5.9 years, p ¼ 0.037;
Table 1). In addition, there were signiﬁcant differences in Gleason
score and early recovery of continence between the higher and
lower VUAL groups (Table 1). When the patients were stratiﬁed by
bladder neck condition, the only signiﬁcant difference between the
closed and open groupswas in early recovery of urinary continence.
The kappa coefﬁcients of the reliability of the interpretation of
VUAL and bladder neck condition were 0.92 (p < 0.001) and 0.89
(p < 0.001), respectively.
Overall, 36 patients (31.1%) had a higher VUAL, and 70 patients
(60.3%) had a closed bladder neck. Thirteen patients had mild
anastomosis leakage, all of which were Grade 1 leakage as deﬁned
by Patel's classiﬁcation.
Among all patients, 68.1% achieved an early recovery of urinary
continence. The early recovery rates were 88.9% and 58.8% in the
higher and lower VUAL groups, respectively (p < 0.001). The pa-
tients with a closed bladder neck had a signiﬁcantly higher rate of
early recovery of urinary continence (82.9%) than those with an
open bladder neck (45.7%; p < 0.0001).
The VUAL level and bladder neck condition were independent
predictors of early recovery of urinary continence [odds ratio (OR)
6.377 for higher vs. lower VUAL, p ¼ 0.006; and OR 6.782 for closed
vs. open bladder neck, p ¼ 0.001] after adjusting for age, the risk of
recurrence, nerve sparing procedure, prostate volume, and patho-
logical T stage (organ conﬁned or not; Table 2).Table 1
Patient characteristics and subgroups by vesicourethral anastomosis level and bladder n
Characteristics Total
116 36
Age (y) 66.7 þ 6.1 64
Serum PSA (ng/mL) 14.1 þ 15.0 14
Prostate volume (mL) 41.7 þ 18.9 41
Recurrence risk (high) 29 (25) 6
Operative approach (robotic) 59 (50.9) 15
Nerve sparing (unilateral or bilateral) 47 (40.5) 17
Gleason score (high) 14 (14) 1
Pathologic stage (conﬁned disease) 67 (57.8) 24
Anastomotic leakage 13 (11.2) 3
Early recovery of urinary continence 79 (68.1) 32
Data are presented as n (%) or mean ± SD.
PSA ¼ prostate speciﬁc antigen; SD ¼ standard deviation; VUAL ¼ vesicourethral anasto
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neck had early recovery of urinary continence (Table 3). The pa-
tients with a higher VUAL and/or closed bladder neck had better
results of early recovery of urinary continence than those with a
lower VUAL and open bladder neck (OR 16.8 and 11.5, respectively,
p < 0.0001).
Figure 2 shows the KaplaneMeier curves of the time to recovery
of urinary continence in these three groups. The mean time to re-
covery of urinary continence differed signiﬁcantly among the three
groups; 4.2 months (range, 2.2e6.2 months) in the higher VUAL
and closed bladder neck group; 4.9 months (range, 3.8e6.0
months) in the higher VUAL alone or closed bladder neck alone
group; and 11.1 months (range, 8.5e13.7 months) in the lower
VUAL and open bladder neck group (p < 0.001, log-rank test).4. Discussion
Cystography after RP is used to evaluate anastomosis healing.
The presence of urinary leakage may delay the time to continence,
but has no adverse effects on long-term urinary control, and the
grading of contrast leakage was as described by Patil et al7 in 2009.
With improvements in robotic surgery, several authors have sug-
gested that it is not necessary to perform cystography after pros-
tatectomy. It has also been reported that 97.1% of the cystograms
performed on postoperative Day 7 can be avoided according to the
results of intraoperative ﬂush tests.8,9 In our study, only 13 patients
had mild contrast leakage according to Patil's classiﬁcation, and the
Foley catheters were removed in all of these patients about 2 days
after cystography or after repeat cystography. In addition to un-
derstanding anastomosis healing, we examined whether post-
operative cystography could be used to predict early recovery of
urinary continence.
Many factors inﬂuence the early recovery of continence after RP,
including age,10 sexual potency, nerve sparing procedures,11 phys-
ical activity and body mass index,12 larger prostate size (> 50 mL),13
previous radiation treatment,14 and comorbidity with diabetes
mellitus.15 Intraoperative surgical techniques have also been re-
ported to play a role in the early recovery of continence. Procedures
including peri-urethral suspension, lateral prostatic fascia preser-
vation,16 bladder neck preservation, posterior urethral reconstruc-
tion,5 and bladder neck suspension17 have shown encouraging
outcomes in improving urinary continence after RP.
A stable compliant detrusor muscle and a competent bladder
outlet are factors in maintaining continence. During RP, the prox-
imal urethral sphincter consisting of the bladder neck, prostate, and
prostatic urethra is removed. The mechanism of continence aftereck condition.
VUAL Bladder neck condition
Higher Lower p Closed Open p
(31.1%) 80 (68.9%) 70 (60.3%) 46 (39.7%)
.9 þ 6.4 67.5 þ 5.9 0.037 66.2 þ 5.8 67.5 þ 6.6 0.254
.6 þ 20.5 13.9 þ 11.9 0.84 15.4 þ 17.8 12.2 þ 9.3 0.268
.7 þ 18.8 39.7 þ 23.1 0.636 39.3 þ 17.9 41.9 þ 26.8 0.533
(16.7) 23 (28.8) 0.125 16 (22.9) 13 (28.3) 0.511
(41.7) 44 (55) 0.184 35 (59.3) 24 (40.7) 0.819
(47.2) 30 (37.5) 0.324 30 (42.9) 17 (37.0) 0.527
(2.8) 13 (16.3) 0.035 7 (10.7) 7 (15.2) 0.377
(66.7) 43 (53.8) 0.193 38 (56.7) 29 (43.3) 0.350
(8.3) 10 (12.5) 0.510 7 (10) 6 (13) 0.611
(88.9) 47 (57.9) 0.001 58 (82.9) 21 (45.7) <0.0001
mosis level.
ography in the prediction of early urinary continence after radical
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Predictors of early recovery of continence.
Parameters OR (95% CI) p Adjust-OR (95% CI) p
Age (y) >70 1 0.350 1 0.412
60e69 1.333 (0.384e4.635) 0.651 2.152 (0.420e11.042) 0.358
<60 1.875 (0.800e4.395) 0.148 2.973 (0.582e15.181) 0.190
Surgical method Open 1 0.258 1 0.415
Laparoscopic 0.936 (0.489e1.791) 0.841 0.588 (0.162e2.130) 0.727
Robotic 1.270 (0.783e2.059) 0.333 1.355 (0.247e7.448) 0.418
Recurrent risk High 1 0.397 1 0.863
Intermediate 1.412 (0.438e4.549) 0.564 0.697 (0.139e3.499) 0.661
Low 1.882 (0.753e4.706) 0.176 1.004 (0.304e3.316) 0.995
Nerve sparing No 1 0.243 1 0.252
Unilateral 1.612 (0.560e4.646) 0.376 1.921 (0.525e7.034) 0.324
Bilateral 2.419 (0.810e7.224) 0.114 3.254 (0.752e14.074) 0.114
Prostate volume <40 1 0.946 1 0.667
>40 0.972 (0.434e2.180) 0.803 (0.295e2.182)
Organ conﬁned No 1 0.340 1 0.551
Yes 1.467 (0.668e3.223) 1.392 (0.470e4.129)
VUAL Lower 1 0.003 1 0.006
Higher 5.617 (1.813e17.041) 6.377 (1.701e23.904)
Bladder neck Open 1 1
Closed 5.754 (2.459e13.466) <0.0001 6.782 (2.247e20.472)) 0.001
CI ¼ conﬁdence interval; OR ¼ odds ratio; VUAL ¼ vesicourethral anastomosis level.
Y.-H. Chang et al. / Urological Science xxx (2015) 1e64prostatectomy is dependent on the integrity of the distal sphincter
unit, its support structures, and neural innervation. Peri-distal
urethral sphincter soft-tissue supportive structures, smooth mus-
cles, and striated muscles are mainly responsible for sphincter
continence.
After RP, the functional urethra length becomes shorter and
some patients may suffer from bladder neck damage. The VUAL
level on cystography can represent the functional urethral length,
and the bladder neck condition can also be evaluated via contrast
ﬂow to the proximal urethra. Rudy et al18 concluded that conti-
nence following RP requires a functional urethral length of at least
2.8 cm and a closed unobstructed bladder neck on cystography.
The membranous urethral length loss ratio as measured with
postoperative endorectal magnetic resonance imaging has been
reported to be signiﬁcantly associated with continence, and a
longer functional urethral length will lead to achieving continence
earlier.4 In addition, urethral movement measured using voiding
cystourethrography just after Foley catheter removal has been re-
ported to be signiﬁcantly correlated with achieving early conti-
nence.19 Lesser movement means more peri-urethral soft tissue
support, which in turn enhances urethral function. Maintaining the
location of the membranous urethra within its original anatomical
position without retraction into a more distal position in the pelvic
cavity and preservation of the urethra and surrounding structures
to create a longer functional urethral length are important. Jeong
et al6 reported that the VUAL is a signiﬁcant predictor for early
recovery of urinary continence. In their study, patients were
stratiﬁed into three group according to VUAL level as determined
with postoperative cystography: Group I: VUAL above the upperTable 3
The value of cystography to predict early recovery of urinary continence.
Total (n) Early rec
Yes
79
Higher VUAL and bladder neck closure 21 (87.5)
Higher VUAL or bladder neck closure alone 48 (82.8)
Lower VUAL and open bladder neck 10 (29.4)
Data are presented as n (%).
CI ¼ conﬁdence interval; OR ¼ odds ratio; UC: urinary continence; VUAL ¼ vesicourethr
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middle of the SP; and Group III: below themiddle of the SP. The ORs
for the early recovery of urinary continence in VUAL Group I were
3.2 compared with Group II and 10.8 compared with Group III. The
authors concluded that a higher VUAL indicated a better chance of
early urinary continence recovery. However, this stratiﬁed method
could not be directly interpreted and there may have been inter-
observer differences.
We stratiﬁed VUAL as above and lower the upper margin of the
PS, which is a relatively simple method. The kappa coefﬁcient was
almost in perfect agreement with the interpretation of VUAL and
bladder neck condition in our study. A higher VUAL was considered
to be better than a lower VUAL. In addition, not only VUAL but also
bladder neck condition was an important factor for the early re-
covery of continence.
Our patients did not routinely receive intraoperative surgical
techniques such as peri-urethral suspension or posterior recon-
struction. Therefore, the VUAL and bladder neck condition on cys-
tography reﬂected a nonmodiﬁed status of vesico-urethral
anastomosis.
We also conﬁrmed that these factors were predictors of early
continence. Several studies have investigated techniques to prevent
a lower VUAL, and cystography may be helpful in improving these
techniques.
Peri-urethral suspension stitch, during robot-assisted laparo-
scopic prostatectomy, has been reported to result in a shorter in-
terval to recovery of urinary continence and higher continence rate
at 3 months after the procedure by preventing urethral retraction.16
Tewari et al20 demonstrated that patients who underwent totalovery of UC OR (95% CI) p
No
37
3 (12.5) 16.8 (4.1e69.3) <0.0001
10 (17.2) 11.5 (4.2e31.4) <0.0001
24 (70.6) 1 (reference)
al anastomosis level.
ography in the prediction of early urinary continence after radical
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Figure 2. KaplaneMeier curves of the time to continence in three groups: (1) Higher
vesicourethral anastomosis level (VUAL) and closed bladder neck ( ); (2) higher
VUAL alone or closed bladder neck alone ( ); and (3) lower VUAL and open bladder
neck ( ).
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a higher vesico-urethral junction above the pubic ramus on cys-
tography, and that this may play a role in the early return of
continence.20
We found that when the patients had a VUAL below the upper
margin of the PS, thosewith an open bladder neck had a lower early
continence rate. In patients with a higher VUAL, the external
sphincter is less likely to be injured during apical dissection
because of a relatively longer remnant urethra.Whereas, in patients
with a lower VUAL, bladder neck competence is more important for
early continence recovery.
The importance of the bladder neck condition can also be seen
in patients suffering from posterior urethral injuries. Before ure-
throplasty, such patients always undergo cystography. An open
bladder neck could be shaped as a funnel or rectangle. A funnel
shape indicates a functioning opening because of activation by a
detrusor contraction on cystography, whereas a rectangle shape on
cystography usually means a bladder neck injury and an incom-
petent bladder neck function.21 After reconstruction using the
Young-Dees-Leadbetter procedure, a narrow bladder neck has been
shown to lead to successful results in continence.
The bladder neck preservation technique in RP was ﬁrst
described by Curto and Gaston in 2006.22 Good results of early
continence have been reported in some studies of bladder neck
preservation.5,23,24 In a recent prospective, randomized, controlled,
single-blind trial, complete bladder neck preservation was shown
to permit the optimal anatomical reconstruction and functional
rehabilitation of the structural features of the urethral sphincter
complex.25 We suggest that with more complete bladder neck
preservation, there will be a lower likelihood of contrast leakage
into the urethra. We could not identify the shape of the bladder
neck when inserting the Foley catheter in our RP patients, and we
considered contrast ﬂow below the VUAL as an open bladder neck.
Our results showed the importance of bladder neck condition in the
recovery of early continence, and a closed bladder neck meant
better competence than an open bladder neck.
Cystography reﬂects the condition of the lower urinary tract
postprostatectomy. A longer remaining urethra and more intact
bladder neckmay be similar to the preoperative condition, inwhich
case continence may be expected to recover earlier. We investi-
gated whether the VUAL and bladder neck condition on cystog-
raphy could predict early continence, and we found that both were
important. However, for the patients with a lower VUAL, a more
intact bladder neck resulted in better continence. Therefore,Please cite this article in press as: Chang Y-H, et al., The value of cyst
prostatectomy, Urological Science (2015), http://dx.doi.org/10.1016/j.urolpreserving as much of the urethra as possible may be more
important than merely preserving the circular muscle ﬁbers of the
bladder neck. The patients with a lower VUAL and open bladder
neck had a lower likelihood of achieving early recovery of conti-
nence after RP. We suggest more intensive Kegel's exercise or pelvic
ﬂoor rehabilitation treatment in these patients to shorten their
duration of incontinence.26,27
There are several limitations to the present study. Firstly, the
operations were performed by three surgeons, and the experience
of the surgeons could have inﬂuenced the outcomes. In addition,
the cystography was also not performed by a single physician.
Secondly, different surgical methods were used, including open,
laparoscopic, and robotic assisted techniques; however, the oper-
ative methods were not associated with the early recovery of uri-
nary continence (p ¼ 0.415). Surgical experience and the learning
curve of operative skills cannot be quantiﬁed andmay have affected
the functional results. Thirdly, the number of patients was relatively
small, and not all patients routinely received cystography after RP.
Despite these limitations, we still consider our ﬁndings to be of
value. Cystography represents the condition after RP, and it can
help surgeons to think retrospectively with regards to dissecting
the prostate base and apex. Further prospective studies are needed
to conﬁrm our ﬁndings and improve the surgical technique, such as
peri-urethral suspension and bladder neck preserving methods to
maintain a similar original pattern of the lower urinary tract to aid
in continence recovery. In conclusion, cystography is a simple tool
that can be used to predict early continence recovery. The VUAL in
the pelvic cavity and bladder neck condition were both important
in predicting the early recovery of continence. Pelvic ﬂoor reha-
bilitation treatment may be more important in patients with a
lower VUAL and open bladder neck to achieve continence recovery.Conﬂicts of interest
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